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THE USE OF MULTIPLIED PRESSURES ¥OR AUTOMATIC
ALTITUDE ADJUSTMENTS,
- By Stanwood W, Sparrow.

The efficient performance of an sirplane requires that cer-
-in adjustments be made as the density of the air through which
the airplane paseses, becomes changed. Hence, there is the "alti-
cade control" of the carouretor which enables the pilot to main-
tain the desired air-fuel ratio. Recent developmenis have in-
creased both the number and importance of such adjustrents, For
exampie, the safety of the over-dimensioned engine depends upon
careful manipulation of spark advance and throttle cpening and
& proper control of & variable pitch propeller, if the maximum
performance of the supsrcharged engine is to be obtained. It is
evident that “here is a real need for satvisfactery devices to
make such adjustmenis automaticallf. The following discussion
deals #ith a method of automatic compensatim which Seserves, but
never to the writer’s knowledge has received, conslderation in
tne design of such devices,

Prior to this discussion a few remarks concerning existing
. hnemes for automatic cougensation seem desirable, The majority
cf these schemes depend upon some cdntrivance which functions

~amarily because of changes in atmospheri¢ pressure, Though
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uuinfluenced by temperature, these devices are usuvally arranged
so that the adjustment effécted by a changs in pressure compen-
sates also for the changs in temperature by which it is normally
accompanied. Hence the inability of these devirces t¢ alter an
adjustment solely because of a change in temperavure 1s of minqr
lwportance exeept in rare instances where the temperature is far
semoved from its normal value. Nearly all of these automatic
.wntrols are essentially the same in prinociple. Their chief ele-
.ent is a tight chamber oontaining a gas (ueuwally air). When the
- tmospherie. pressure changes, the resultant change in the differ-
ence between it and the pressure of the gas within the chamber
causes motion of some wall of the chamber, Tais motion effects
the desireda adjustment.

In such devices a leak in the supposedly tight chamber means
uttér failure. The elimination of tﬁis source of danger is one
of the aims of the rethod of altitude corpensation about to be
desoribed, To¢o this end the most important étep is a change in
the method of operating the autométic‘device. The change suggest-
ed is to make the source of qperatién the difference beotween at-
mospherioc pressure and some multiple of atmospheric rressure
instegd of the difference between atmospheric pressure and that
2f a gas oonfired in a tight obgmber. ‘Following are tabulated
~.lues of the difference between atmospheric pressure and twice

ALt ten times atmospherioc pressure respectively.

t My
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Approximate Baroretric (2-1) Atmosprheric (10-1) Atmospheric

Altitude. Pressure Pressure. Pressure.

feet Cm. Hg. 1b./ sq.in. 1b./ sq. in.
Sea level 78 14,7 ' 133
5,000 83 12.3 1lc
10,000 53 10,1 o1
15,000 44 8.5 77
s0,000 .35 7.0 63
35,000 30 5.8 52

Using é as the multiple giveé a force for crerating the ad- _
justment equal to that which would be obtained in the conventional
devlice if the sealed chamber were completely evacuated. With the
higher multiples sufficient pressure is obtained to make it un-
necessary either to provide a relay or to rake the unit of large
dirensions to care for adjustments whose operasvion requires con-
siderable force.

The accompanying drawing shows & possible device basea on
this method of 2ltitude compensation, The multiplication of
pressure is obtained with a pump comraraple in size to those now
used for supplying rressure t0 fuel systems., For a pump of this
type the following relaticn is true:

T
P2= Pl( vgfn

where -
Pl = absolute pressure at beginnine of comrression strcks
Vi = volume at begimming of compression stroke. '
Py = absolute pressure at end of courression stroke.
n- = exponent having a wvalue between 1.3 and 1.4,
Vo = volure a%v end of compressicn sSitroke,

Vi1, Vg, and n are constant for any given pump and hence the quan-

sity (%é)n is also cpnstant. This relation can be chosen to give

g 1}
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any multiple of the initial pressure that is assirea. Since,
with adequate port orening, P; is very nearly atmospheric pras-
sure it is evident that the compression pressure of a pump of
this sort is a constant multiple of the pressure of the air
shich surrounds it. This ie the condition sought.

A study of the érawinz will make the action of the device
clear, When the piston is at lower center, air enters the oyl-
inder through Port A, On its upward stroke the plston first
closes this port and then compresses the air above it. This
air as soon as its rressure is Sufficiently high opens check
valve C and passes into reservoir B. Tue process continues until
the pressure in B is aprroximately the same as that in the cylin-
der at the end of the compression stroke. From then on, the
piston nerely compresses and re-expands the sams charze and its
operation requirss an amount of power only slizhtly in excess of
vnat necessary to overcome the pistﬁn friction. If the pump were
exactly as described it would function satisfactorily only when

“he airplane was descending, that is to say, when the ccmpression

s resgure was increasing, With the compression pressure decreasing,

~8 in passing from a lower %0 a higher altitude, check valve C
would fail to open and the pressure in B would ceass 5o be.a con-
stant multiple of the pressure of the surrounding atmosphere, The
remedy is tb open positively a passage tetween the pump and reser-

voir for a short time durine each cycie. This permits an equali-

e
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zation of reserveir and coylinder pressures regardless of

whether the atmosrheric preesure is increasing or decreasing,

To secure this positive opening check valve C, ae shown in the
drawing, is provided with & bose which cowmes in contact with

the piston head causinz the valve to he 1lifted frox its seat by
azbout one thirty second of an inch ét each revplution. When tus
pressure in reservoir B chances, D, one of ite confininx walls,
swoves until the spring pressure on one side balances the differ-
ence in presesure between the gas inside and that outside of
this cylinder. It is the movement of D which actually effects
the desired adjustment.

A device very similar to that shown in the drawing was col-—
construcited at the Bureau of Standards and subjected to a few
teste to demonstrate that it would cperate essentially 28 6X-
pected, These tests showed that #ith a pump of small dimensions
care should be taken to ensure that piston and rings fit nicely
- or that the piston be asquipped with leather or some equally sat-
isfactory type of packing, With a loosely fittine riston the
oompiession pressure decreases Qith decrease of Speed.presumably
hecause of the lon-er 5time allowed for the ae to eak by taoe
~iston at the slower speed. This point is of importance because
a device of this sort can be driven most conveniently directly
from the engine and this means that it must operate at variable
speeds, Increasing the pump size Goes muoch to minimize the dif -

ficulty from leakage in that it increases the amount of air

M.
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handled more than it increases the circumferenviial area vhrough
which leakage can take vpiace., In fact if the inérease in pump

size 1s obtained by lenzthening the stroke the circumferenfial
area is not increased av all., ©Stress has been placed on this
legkaze problem'nof because it is considered a trouble very 4if-
ficult to overcome, but one that it is very necessary to overccie,
¥orwarned of its existence the designer will adopt the sane policy
of at first building units of somewhat greater capacity than sp-
pears necessary and then decreasing their size as better methods
cf piston packing are developed. ‘

The mechanical features of the device can be altered in
countless ways without chanrinc its basic prixnciple of operation, -
One interesting poseibiliity, particularly in view of the leakage
problem, is to use a Tsylphon' type of-pump and to replace the
reservéir movable wall D by a "eylphon®. The "syiphon® which is
a trade name for a type of copper bellows, has an advantags over
the conventional “ype of pistonr in that it requires no packing
gland, *

_There remains to be considered what advantazes this method

of automatic adjustrent ray possess. The most important of these

¥7h desoription of "Tne 'Sylphon' Fuel System for Liverty '13!
and Wright Model THY Engines" as developed by the Enginsering
Division of the Air Service at McCook Field is given in "The
Aerial Age Weekly" of January 16, 1935 and in "air Service In-
formation Circular™, Vol. III, No. 281. '
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bas already been stated, — the elimination of & chawbesr upon

the absolute tightnees of which the satisfactory operation of
the device depends. To be sure the chamber sc¢ill exists and
functions much the same as in the conventional device. 8o long,
however, as the rate of leakage fror this chamber, storage res-
ervoir B, does not exceed the rate at which alr can be supplled
by the pump, the adjustment will remain unchanged. Moreover a
leak of any greater magnitude ought easily to be deteoted. Even
in the improbable event of the leakage exceeding the rate of
supply failure is 1likely to be partial rather than complete., The
reason is two-fcid. First, when excessive leakage reduces tae
pressure in siorage reservoir B, it decreases the head prcducing
flow through these leaks and hence the lezkagze rate, Secondly
the amount of air supplied to the reservoir increases because of
the redﬁction in the‘pressure against which the pump delivers its
charge, From the combined inflﬁence of a lower rate of outflow
and a higher rate of inflow a point of equilibriuc is apt to be
reached at a pressure only slightly below norral.

If desired these may be connected %o rescervoir B a pressure
gauge by observing which the pilot can see wihether or not'the ap-
-aratus is functioning prcperly. HNeedless to say %he danger of
leakége precludes connecting a similar gauge to the air ﬁight
chmmbgr of the conventional device. The coperation of the latvter

may be checked by other methods but these often require installa-

%lons so awkward as to be hardly feasible,
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In sealed chamber devices of anv except the completely
svacuated type tlre range of motion of the movable wall is_lim;:eﬁ_
by the fact that by its motion the pressure in the chamber be-
comes changed. This limitation disaprpears when using the device
described herein because the purp maintains the rressure ccnstant

regardless of the’moticn of the walls of the reservoir. Further-

xrore it would be possible to operate several devices from a si....z.

pump installation., This would require merely that each individ-~
ual reservoir should have a movable wall similar to D in the draw-
ing and that each shculd ke connected by & piﬁe with the main
reservolir,

Whatever merit the device under discussion may possess de-
peﬁds upon the cvercoming of some of the faults of existing de-
vices. For this reascn it is extremely difficult to describe the
device without seeming to unduly emphasize such faults. It is
realized that the suggested method of adjustment may have faults
2qually grave and equally numerous. This note therefors shculd -
not be construed as an astempt to prove the sureriority of any
particulaxr method of automatic adjustment, but as an endeavor %o
show the possibilities of a method which seems to have received

no attention heretofore.
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